Coexpression of genetically engineered fused enzyme between yeast NADPH-P450 reductase and human cytochrome P450 3A4 and human cytochrome b5 in yeast.
Human hepatic cytochrome P450 3A4 (CYP3A4) was expressed in yeast Saccharomyces cerevisiae. While the expression level was high as compared with other human hepatic cytochrome P450s, CYP3A4 showed almost no catalytic activity toward testosterone. Coexpression of CYP3A4 with yeast NADPH-P450 reductase did not give a full activity. Low monooxygenase activity of CYP3A4 was attributed to the insufficient reduction of heme iron of CYP3A4 by NADPH-P450 reductase. To enhance the efficiency of electron transfer from NADPH-P450 reductase to CYP3A4, a fused enzyme was constructed between CYP3A4 and yeast NADPH-P450 reductase. The rapid reduction of the heme iron of the fused enzyme by NADPH was observed. The fused enzyme showed a high testosterone 6beta-hydroxylation activity with a sigmoidal velocity saturation curve. However, the coupling efficiency between NADPH utilization and testosterone 6beta-hydroxylation was only 10%. Finally, coexpression of the fused enzyme and human cytochrome b5 was examined. A significant decrease in the Km value and a remarkable increase in the coupling efficiency were observed. Substrate-induced spectra revealed that the dissociation constant of the fused enzyme for testosterone significantly decreased with coexpression of human cytochrome b5. These results strongly suggest that human cytochrome b5 directly interacts with the CYP3A4 domain of the fused enzyme and modifies the tertiary structure of substrate binding pocket, resulting in tight binding of the substrate and high coupling efficiency.